Abstract: Background: Given the importance of ethnic differences in the evaluation of various aspects of symptoms in patients with Parkinson's disease (PD), we present the formal procedure for completing the traditional Chinese translation of the International and Parkinson and Movement Disorder Society/UPDRS (MDS-UPDRS) and highlight the discrepancy in nonmotor symptoms (NMS) between patients in Eastern and Western countries. Methods: A total of 350 native Chinese-speaking PD patients were recruited from multiple hospitals in Eastern countries; they completed the MDS-UPDRS. The translation process was executed and factor analysis was performed to determine the structure of the scale. Chi-squared and t tests were used to compare frequency and severity of PD symptoms between the Chinese-speaking and English-speaking groups (n = 876). Results: NMS and motor symptoms were more severe in the Western population (Part I: t (1205) = 5.36, P < 0.0001; and Part III: t (1205) = 7.64, P < 0.0001); however, the prevalence of cognitive dysfunction and impairments in activities of daily living were more frequent in the Eastern patients. The comparative fit index was 0.93 or greater, and the exploratory factor analysis revealed compatible results between the translated scale and the original version. Conclusion: The traditional Chinese version of the MDS-UPDRS can be designated as an official translation of the original scale, and it is now available for use. Moreover, NMS in PD constitute a major issue worldwide, and the pattern of NMS among the Chinese population is more marked in terms of cognition-based symptoms and activities of daily living.
Whereas motor symptoms are the main clinical features of PD, growing evidence shows that PD patients have nonmotor symptoms (NMS). 2 Most studies explore these NMS with a screening questionnaire, and these studies have shown that such NMS have a huge impact not only on caregivers, but also on the patient's quality of life. 3, 4 In one Western multicenter survey, researchers found that 98.6% of patients with PD reported the presence of NMS 5 ; furthermore, our recent study also revealed that up to 98% of PD patients in an Eastern country reported having at least one NMS, 6 including nocturnal disturbance 7 and neuropsychological dysfunction. 8 It is believed that NMS in patients with PD is a world-wide issue. Few studies have investigated the differences in NMS between the Western and Eastern world, and many reports have not focused on specific NMS, such as gastrointestinal (GI) symptoms. The results of these sparse investigations showed that GI symptoms are more prevalent in Asian countries 9 ; nevertheless, some studies have shown that constipation rates in Eastern countries were not higher than in Western groups. 6, 10 According to these limited findings, it is apparent that the effects of ethnicity on NMS have not yet been fully explored; as such, a comparison of the comprehensive NMS profile between different countries is needed.
A rating scale for the comprehensive measurement of both motor symptoms and NMS among patients with PD is pivotal for making decisions in clinical practice and research. 2 The
International Parkinson and Movement Disorder Society (MDS) sponsored a critique of the UPDRS, and although many strengths of the original scale were recognized, it was recommended that a revised scale be developed. 11 This new version, the MDS-sponsored revision of the UPDRS (MDS-UPDRS), features a modified severity scale that captures milder manifestations of the disease, and it also offers expanded coverage of NMS and complications associated with therapy. In 2008, the reliability and validity of the MDS-UPDRS were demonstrated. 12 The MDS-UPDRS was created to replace the original UPDRS, and it is essential that properly tested translations are made available for clinicians or patients in non-English-speaking countries. The MDS developed a specific protocol that could designate successful translations of nonEnglish-language versions of the scale as official MDS translations. 13 To date, several official MDS translations have been developed in languages including Estonian, French, German, Hungarian, Italian, 14 Spanish, 15 Japanese, 16 Russian, and Slovak. 17 In order to establish a successful, culturally unbiased translation, as well as to explore the Eastern-Western difference in NMS, the aims of this study were 2-fold: (1) to execute the translation process of the traditional Chinese version of the MDS-UPDRS, so as to make the MDS-UPDRS available for use in a Chinese-speaking population, and (2) to investigate the differences in the NMS profiles between Chinese-speaking and English-speaking PD patients using the MDS-UPDRS, which comprehensively covers both motor symptoms and NMS.
Patients and Methods

Participants
Patients were recruited from November 2013 to June 2014 by Chinese-speaking investigators at three hospitals, including the National Taiwan University Hospital (NTUH) and the Chang Gung Memorial Hospital (CGMH) in Taiwan, as well as from the Prince of Wales Hospital in Hong Kong (PWH). Three hundred fifty patients with PD were included in this study (NTUH, 250; CGMH, 50; PWH, 50). The sample size required for the translation study was based on the need for a minimum of 5 participants per questionnaire item. 18 All seven raters completed the MDS-UPDRS Training Program and Certificate Exercise before examining the patients. 19 
Measurement
The following data were recorded for each subject: sociodemographics, disease duration, and scores on the traditional Chinese version of the MDS-UPDRS. The MDS-UPDRS is comprised of four parts 12 : Part I: Non-motor Experiences of Daily Living (nM-EDL), which has six rater-based items and seven patient/ caregiver self-report measurements; Part II: Motor Experiences of Daily Living (motor-EDL), featuring 13 patient-based items; Part III: Motor Examination (MEx), which involves objective examination by the rater for 18 items (33 scores); and Part IV: Motor Complications (MCompl), with six items that cover dyskinesia and fluctuations. Scoring for each item is based on a 0 to 4 Likert-type scale, where 0 reflects no impairment and 4 reflects maximal impairment. The total score for each part of the scale was obtained by summing the corresponding item scores.
Procedure
The MDS-UPDRS was translated into traditional Chinese by a team of PD expert investigators in Taiwan and Hong Kong, as led by Dr. Ruey-Meei Wu (Taiwan). The translated scale was then back-translated into English by colleagues fluent in English and Chinese; these individuals were not involved in the original translation. The back-translated version of the scale was reviewed by a team of experts in the United States (G.S., C.G., N.L.P., and B.T.); these individuals had been involved in the development of the original English version of the instrument. After this review, modifications to the translation were suggested to bring the two versions into alignment.
The translation was then submitted to cognitive pretesting. 20 Cognitive pretesting is a qualitative approach used to assess task difficulty, determine rater and respondent ease of comprehension, and examine participant interest in and comfort when completing the scale. 21 Based on the results of the initial cognitive pretesting process, other round(s) of translation, back-translation, and cognitive pretesting may be required. Once all cognitive pretesting was completed and no additional issues were noted, the translated version of the scale was designated as an official working document that was submitted to large field testing.
Statistical Analysis
Deidentified data from the 350 subjects were uploaded to a secure website, and the data analyses were performed by the analytic team (S.L., L.W., and B.C.T.). Any participants with missing values for a given part of the survey were deleted from the analysis for that part alone; thus, the sample size could vary from section to section. Demographic and disease-related characteristics were summarized with descriptive statistics. Patients were classified as having a specific symptom if they had a score greater than zero on a given item. Symptom severity was represented by the mean score for each part of the MDS-UPDRS. Primary and secondary analyses were carried out with M-plus (version 7). An unweighted least squares approach to factor estimation, which minimizes the sum of squared differences between observed and estimated correlation matrices (not counting diagonal elements), was used. This approach was chosen because of the ordered categorical nature of the data. To assist in the interpretation of the factors in the MDS-UPDRS, we used a CF-Varimax rotation that constrains the factors so they are uncorrelated. These methods were chosen to follow the original validation method used for the English version of the MDS-UPDRS.
Primary Analysis
Separate confirmatory factor analyses (CFAs) were conducted for each part of the traditional Chinese version of the MDS-UPDRS, with the data constrained to fall into the factors defined in the English-language data. Evaluation of the CFA results was based on the comparative fit index (CFI). A successful translation was defined by CFI ≥0.90 for all parts of the scale. We also examined the mean and variance-adjusted weighted least squares estimators to confirm model fit.
Secondary Analysis
Exploratory factor analyses (EFAs) were performed using the same factor estimation and rotation methods listed above. A scree plot test was applied to select the number of factors involved in this analysis. The subjective scree test uses a scatter plot of eigenvalues, which are plotted against their ranks based on magnitude, to extract as many factors as there are eigenvalues that fall before the last large drop in the plot. 22 Once the factors were chosen, an item was retained in a factor if the factor loading for that item was 0.40 or greater. Finally, we used the chi-squared test to compare occurrence of symptoms and t tests to compare severity of symptoms between the Chinese-speaking group of this study and the English-speaking group tested previously for the English version of MDS-UPDRS, of which were contained 876 data of Englishspeaking PD patients.
12 P values less than 0.05 were considered statistically significant.
Ethical Standards
All participants provided their written informed consent before enrollment, which was done in accord with the ethical standards of the Declaration of Helsinki (1964). The ethical research committees of three hospitals approved this study.
Results
Cognitive Pretesting
A total of 10 patients with PD and their examiners were interviewed using a structured interview format that is typically employed in cognitive pretesting. The raters identified no problems. One of the ten patients that were interviewed had difficulty understanding the question on cognitive impairment, 2 noted that the font size on the questionnaire was too small, and 1 had difficulty with the question pertaining to amount of time spent with dyskinesia. No other difficulties were reported by the patients. Slight modifications of the scale were recommended after this round of testing. Ten patients completed a second round of cognitive pretesting and no difficulties were identified. The modified version of the scale was approved as the official working document of the traditional Chinese MDS-UPDRS; this document was used for psychometric testing in a larger group of patients with PD.
Large Validation Sample
Patients' demographic characteristics are shown in Table 1 . The traditional Chinese data set included 350 native Chinese-speaking PD patients who were evaluated with the MDS-UPDRS (52.3% were male; mean age: 65.4 AE 10.4 years; mean disease duration: 8.6 AE 5.9 years).
Factor Analysis
Primary Analysis: CFA CFA results for each part of the MDS-UPDRS are displayed in Table 2 . For all four parts of the traditional Chinese MDS- 
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UPDRS, the CFI score was 0.93 or greater, exceeding our criterion of 0.90.
Secondary Analysis: EFA
The scree plots from each part of the translated MDS-UPDRS were used to determine the number of factors in the EFA. A comparison of the traditional Chinese scree plot revealed a similar shape to that of the English-language scree plot (Fig. 1) . The number of factors for each part of the traditional Chinese MDS-UPDRS was as follows: Part I = 2; Part II = 3; Part III = 7; and Part IV = 2.
The results of the EFA for both the English-language and Chinese-language versions of the scale are shown in Table 3 . For Part I, and in contrast to the English version of the MDS-UPDRS, daytime sleepiness and urinary problems did not load on any of the factors. In the traditional Chinese translation, cognitive impairment and hallucinations loaded on factor 2; in contrast, they were loaded on factor 1 in the English version. For Part II, speech did not load on any of the factors. Walking and balance, hygiene, freezing, handwriting, and "engaging inhobbies and other activities" loaded on factor 2; this was in contrast to the English version, where these elements loaded on factor 3. In Part III, 6 of the 33 items loaded on different factors on the two scales, and eight items loaded on more than one factor. Most of the items that loaded on different factors in the two versions also had cross-loadings on multiple factors. In Part IV, time spent in the OFF state loaded on factor 2 in the Traditional Chinese version of the scale, whereas this element loaded on factor 1 in the English version.
Frequency and Group Comparisons
More than half of our patients reported the following symptoms in Part I of the MDS-UPDRS: constipation problems (64.5%); cognitive impairment (63.6%); anxious mood (57.1%); urinary problems (55.4%); and daytime sleepiness (54.8%). In Part II, they reported difficulties with the following activities: walking and balance (82.9%); dressing (81.8%); hygiene (76.7%); getting out of bed (76.4%); handwriting (75.8%); speech (71.6%); eating tasks (69.3%); engaging in hobbies and other activities (69%); turning in bed (69%); tremor (58.8%); and saliva and drooling (52%).
Mean 
Discussion
This study produced a cross-cultural adaptation of the MDS-UPDRS; specifically, we developed an official traditional Chinese translation of this scale. The main contributions of the study are: (1) It provided a translation of the traditional Chinese version of the MDS-UPDRS and offered the MDS-UPDRS for use in Chinese-speaking populations; and (2) it expanded upon our knowledge of cultural/ethnic differences in NMS, as based on the MDS-UPDRS.
In the present study, we conducted a CFA to determine whether the factor structure for the English version of the MDS-UPDRS 12 could be confirmed in the data collected using the traditional Chinese version of the MDS-UPDRS. Based on the criteria that were established for the "official MDS translation," the CFI for each part (I-IV) had to be 0.90 or greater relative to the English-language version. For all four parts of the traditional Chinese MDS-UPDRS, the CFI-when compared with the English-language factor structure-was 0.93 or greater for each part. Hence, the prespecified English factor structure was confirmed in our traditional Chinese data set. EFA was conducted to explore the underlying factor structure without the constraints of a prespecified factor structure; a scree plot was used to select the number of factors to retain for each part of the MDS-UPDRS. Overall, the distribution of factors was similar across the two languages, and, in general, the EFA revealed that the results were compatible for each part of the original version. Some variation between the Chinese-speaking and Englishspeaking populations was observed during the factor analysis. The original UPDRS was primarily criticized for its focus on the irregular placement of nonmotor elements in PD, especially the mental features captured in Part I. One interesting finding in this study is the distribution of the factor loadings in Part I (nM-EDL). In contrast to the English-language version, the items that focused on cognitive impairment and hallucinations in the traditional Chinese translation loaded on the same factor as the items that assessed mood and apathy. Our findings suggest that cognitive impairment and hallucinations may share a common underlying pathology with mood states. Previous pathological and clinical studies also support such a relationship. 23, 24 In addition, daytime sleepiness and urinary problems did not load on any factor in Part I of the traditional Chinese version of the MDS-UPDRS. Daytime sleepiness and urinary problems seem to be separate manifestations, given that they differ from other NMS in PD; they might also have distinct underlying mechanisms. 25 Nevertheless, urinary problems often receive less recognition as an NMS of PD, and they need more attention in future studies.
Research on NMS has grown exponentially, reflecting an increasing awareness that symptoms are critical for mental health and well-being. In our sample, we found a high prevalence of NMS measured in Part I of the MDS-UPDRS, including constipation, cognitive impairment, anxious mood, urinary problems, daytime sleepiness, and fatigue. Similar to what was observed in Japan, 16 constipation was found to be the most frequent NMS in Asian PD patients. This finding is consistent with the findings of a questionnaire-based study, which was performed with a Malaysian PD population. 9 Evidence showed that the dorsal motor nucleus of the vagus nerve, which controls the parasympathetic nerve of the GI system, is affected in PD. 26 It has been suggested that alpha-synuclein deposition Because we are using a different version of M-Plus, the factor loadings may vary slightly from the published version. **The item did not load on any of the factors. ***Item load on more than one factor with factor loading ≥0.40. RUE, right upper extremity; LUE, left upper extremity; RLE, right lower extremity; LLE, left lower extremity.
within the enteric nervous system may be the earliest site of pathology in PD, 27 and one nation-wide population-based study also indicated that severity of constipation is a precursor to PD. 28 The GI system may be the point at which the pathophysiological process initiates, ultimately resulting in the clinical syndrome of PD. A comparison of two cultures indicated that prevalence of NMS (Part I) was more frequent in a Western population; however, it is worth noting that our patients demonstrated more-frequent cognitive function deficits than those in Western countries. A previous study revealed a lower percentage of concentration difficulties among Asian patients, as well as a similar percentage of memory complaints between a Western and Eastern population. 6 These inconsistent results may be related to methodology issues, because the previous study used a self-report questionnaire, which contained closedended (yes/no) questions to assess the state of the patients' memory and concentration. The sensitivity of the questionnaire was low and self-report bias may have influenced the results. In addition, our previous study also found that not all patients are aware of and can report their own cognitive function accurately because of the pathology involved in PD. 29 Based on the findings of the current study, the crucial role played by cognitive function is evident, and the high prevalence rate of cognitive dysfunction is compatible with that found in our previous study. 8 Our team conducted a comprehensive performancebased neuropsychological assessment in 94 early-stage PD patients and 84 healthy controls. We found that up to 46.8% of patients have mild cognitive impairment, and it was also shown that executive function was the domain most likely to be affected by a cognitive decline process in PD. In addition to the self-report questionnaire, it is believed that the performancebased assessment of neuropsychological abilities, which are sensitive and specific to cognitive performance, was needed and that ethnic effects on cognitive function were still controversial and needed further investigation. For Part II of the MDS-UPDRS (Motor Experiences of Daily Living), the two most frequently observed daily disturbances in the Asian study groups (Chinese and Japanese) were similar, with walking/balance and dressing being the most common. We suggest that medical care programs for Asians are given high priority, because they help patients with walking, buttoning, or putting on or taking off their clothes or jewelry. The strategies used to prevent falls or the use of a device to enhance a patient's walking ability or dressing skills are crucial for paramedical therapy (e.g., physical and occupational therapy) among a PD population. One systematic review indicated that moderate-to-strong evidence exists for task-specific benefits of targeted physical activity training on postural stability and balance in PD. 30 In general, impairments in patients' activities of daily living are more common in our patients than in Western patients, especially with respect to chewing, eating, dressing, and performing hygiene-related activities. This discrepancy between the two populations might be related to factors such as eating habits and food style, or lifestyle differences across different cultures. These specific activities of daily living, which pose great problems for PD patients, should be properly managed. Evidence showed that a moderate effect exists for paramedical interventions for patients with PD in physical activity training, environmental cues, and individualized programs promoting personal control and quality of life. 31 Further large, pragmatic, randomized, controlled trials to investigate the effect of occupational therapy focusing on these specific items of daily living activities observed in this study are required to improve the quality of life in the Chinese-speaking population of patients with PD. Regarding symptom frequency, the results of the chi-squared test indicate that motor symptoms (Part III of the MDS-UPDRS) are generally more common in patients in the English-language sample than among those in our group, with the exception of freezing of gait (FOG). The reason of higher scores on UPDRS part III in the English population can be seen simply as a difference in severity in the population samples. However, of note, the finding of a higher rate of FOG in the Chinese-speaking population is compatible with the high prevalence of cognitive dysfunction observed in this study in part I of MDS-UPDRS. It has been shown that FOG is associated with cognitive dysfunction; greater disruptions of the frontostriatal-parietal networks are correlated with freezing severity. 32 A high prevalence of FOG might be explained by the high prevalence of cognitive dysfunction in our patients.
One potential limitation of this study was the presence of referral bias; the distribution of our patients showed a predominance of patients in the early disease stages, with very few patients in stage 5. As such, our ability to extrapolate our findings to an entire PD population might be restricted. Second, there was a lack of more complete demographic data, such as years of education and patients' medicine usage. Education is a protective factors in cognition, and use of levodopa may influence the presence of motor symptoms; these aforementioned factors were not well controlled between the two groups in this study. Further research is needed to investigate the ethnic differences in NMS among PD patients in a well-designed, controlled study to understand the ethnic-specific mechanism of NMS, especially cognitive function and daily self-care activities. Last, the present study did not collect data pertaining to test-retest reliability or concurrent validity, which are important for scale validation.
Conclusion
NMS in the Chinese PD population are common, and the pattern of NMS in a Chinese PD population is such that there is a greater predominance of symptoms related to cognition and activities of daily living when compared to Caucasian samples.
Our study highlighted the important role of NMS in PD and suggested that management programs or development of equipment for NMS are needed in the future. The traditional Chinese version of the MDS-UPDRS meets the criteria for designation as an official MDS translation of the MDS-UPDRS; as such, it is now available for use in a Chinese-speaking population.
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